An examination of Figures 4-2 through 4-5 indicates that the maximum allowable EIRP levels
required to satisfy the measured performance threshold of the GPS C\A-code receiver, across all
of the operational scenarios, is a function of the PRF of the UWB device. Figure 4-2 shows that
the maximum allowable EIRP levels corresponding to those UWB signal permutations with a
PRF of 100 kHz. The EIRP levels shown in this figure for the unmodulated, 100% gated UWB
waveform was computer based on a measured break-lock threshold. For the remaining UWB
signal permutations represented in the figure, neither a break-lock nor a reacquisition could be
measured for UWB power levels up to the maximum power available from the UWB signal
generator. For these cases, the maximum UWB signal generator power level was used to compute
the EIRP level. Thus the reported EIRP level represents a lower limit for these cases. That is, the
actual maximum allowable EIRP level may higher than the level shown in the figure for these
100 kHz PRF UWB waveforms. From Figure 4-2, it can be observed that the maximum EIRP
levels necessary to satisfy the measured performance threshold for the C/A-code GPS receiver
over all of the operational scenarios considered in this study range from
-73.2 t0 -26.5 dBW/MHz.

Figure 4-4 shows that the maximum allowable EIRP levels necessary to satisfy the measured
performance thresholds over all of the operational scenarios considered in this study range from
-98.6 to -67.0 dBW/MHz for those UWB signals employing PRFs of 1 MHz, 5 MHz, and 20
MHz, that are classified as noise-like in their interference effects to the GPS C/A-code receiver.

The data presented in Figure 4-5 shows that the maximum allowable EIRP levels range from
-106.9 to -70.2 dBW over all of the operational scenarios considered for those UWB signals that
are classified as CW-like in their interference effects on the GPS C/A-code receiver. These EIRP
levels are based on the power in a single spectral line and in order to compare to the Part 15 level,
it must be assumed that only a single spectral line appears in the measurement bandwidth.

Figures 4-6 and 4-7 present summary plots showing the maximum allowable EIRP calculated
for the surveying operational scenarios assuming the use of the semi-codeless receiver architecture
measured in this study. The analysis results are presented as a function of the various UWB signal
structures examined. For the semi-codeless receiver architecture, the interference effects of all of
the UWB signals examined are classified as either pulse-like or noise-like. Figure 4-6 shows that
for those UWB signals examined with a PRF of 100 kHz, the calculated maximum level EIRP is
above the current Part 15 emission level (i.e. no additional attenuation is necessary) with one
exception: the 20% gated, 2% relative dithered signal.

Figure 4-7 shows the for the PRF’s of 1 MHz, 5 MHz, and 20 MHz, those UWB signal
structures that were classified as noise-like, the maximum allowable EIRP level must be as much
as 23 dB below the current Part 15 level to satisfy the measured performance threshold of the
semi-codeless GPS receiver in the applicable operational scenarios. The measurements of the
semi-codeless receiver indicate a relative immunity to CW-like interference effects. This is
because the semi-codeless receiver architecture uses the P-code signal which, because of its longer
code length, has essentially no spectral lines.
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Figure 4-5. Maximum Allowable EIRP as a Function of UWB Signal Structure for the Semi-
Codeless Receiver Architecture (Pulse-Like UWB Signals)
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Figure 4-6. Maximum Allowable EIRP as a Function of UWB Signal Structure for the Semi-
Codeless Receiver Architecture (Noise-Like UWB Signals)
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4.3 CONCLUSIONS

The data collected in this assessment demonstrates that when considered in potential
interactions with GPS receivers used in applications represented by the operational scenarios
considered in this study, some of the UWB signal permutations examined exceeded the measured
GPS performance thresholds at EIRP levels well below the current Part 15 emission level.
Likewise, other UWB signal permutations (e.g..the 100 kHz PRF UWB signals) only slightly
exceeded, and in some cases did not exceed, the measured GPS performance thresholds when
considered in potential interactions with GPS receivers defined by the operational scenarios
considered as a part of this study.

The following general conclusions were drawn based on the findings of this study:

1) The GPS receiver performance thresholds measured within this study are consistent with the
interference protection limits developed within national and international GPS study groups.

2) When multiple noise-like UWB signals with equivalent power levels at the GPS receiver input
are considered, the effective aggregate signal level in the receiver IF bandwidth is determined by
adding the average power of each of the UWB signals.

3) Within the limitations of this study (i.e., the available number of UWB signal generators), it
was found that when multiple CW-like UWB signals are considered, the effective aggregate
interference effect to a C/A-code GPS receiver is the same as that of a single CW-like signal. The
interference mechanism is a result of the alignment of a UWB spectral line with a dominant GPS
C/A-code line.

4) The CW-like interference effect is not applicable to the semi-codeless receiver examined when
operating in the dual frequency mode.

5) A GPS antenna does not offer any additional attenuation to that portion of a UWB signal
within the GPS frequency band.

6) For those UWB signals examined with a PRF of 100 kHz, maximum permissible EIRP levels
between -73.2 and -26.5 dBW/MHz are necessary to ensure EMC with the GPS applications
defined by the operational scenarios considered within this study.

7) For those UWB signals examined with a PRF of 1 MHz, the maximum allowable EIRP levels
necessary to achieve EMC with the GPS receiver applications considered in this study range from
-70.2 to -104.3 dBW for the CW-like (unmodulated) UWB waveforms, and -57.6 to -91.6
dBW/MHz for the noise-like (modulated and/or dithered) UWB waveforms.

8) For those UWB signals examined with a PRF of 5 MHz, the maximum allowable EIRP levels
necessary to ensure EMC with the GPS receiver applications considered in this study range from
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-70.7 to -106.1 dBW for the CW-like (non-dithered) UWB waveforms, and from -49.6 to
-97.6 dBW/MHz for the noise-like (dithered) UWB waveforms.

9) For those UWB signals examined with a PRF of 20 MHz, the maximum allowable EIRP levels
required to ensure EMC with all of the GPS receiver applications considered in this study range
from -71.0 to -106.9 dBW for the CW-like (non-dithered) UWB waveforms, and from

-60.0 to -98.6 dBW/MHz for the noise-like (dithered) UWB waveforms.

It must be noted that these results are applicable only to those UWB signal permutations

examined within this study and to those applications of GPS that are defined by the operational
scenarios presented for consideration herein.
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APPENDIX A

Derivation of Equations for Aggregate Effects Of UWB Devices in the
Non-Precision Approach Landing Operational Scenario

This appendix provides the derivation of the equations used to compute the aggregate effects of

UWB devices in the non-precision approach operational scenario. The parameters used to derive
the equations are shown in Figure A-1.

[ — @ - Top View
P

M Side X-Section

Figure A-1

The parameters in Figure A-1 are defined as:
Point P is the airborne GPS receiver antenna;
Surface E is the plane containing the interfering sources;
h is the minimum distance from point P to plane E

d is the distance from points on plane E whose propagation loss differs from the minimum loss at
distance h by a fixed pathloss ratio LR;

r is the radius circle containing the points of the fixed pathloss ratio; and
a 1s the angle between lines h and d.



Let d/h = (LR)**
Then
d*=r +h?’=h?(LR)

r* =h*(LR) - h?

r’ =h*(LR-1)
The radius of the circle containing the interfering sources is given by:
r=h (LR-1)**
To derive the equation for computing the angle a use the trigonometric relationship for the cosine:
cos a =h/d
o =cos™ (h/d) = cos™ (1/(LR)*%)
The pathloss is proportional to 20 Log d = 20 Log (h(LR)®). This can be rewritten as

20 Log d = 20 Log h + 10 Log LR

A-2



Appendix B
Results of Spreadsheet Analysis Program
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Product Disclaimer

Certain commercial equipment, instruments, or materials are identified in this report to
specify the technical aspects of the reported results. In no case does such identification
imply recommendation or endorsement by the National Telecommunications and Information
Administration, nor does it imply that the material or equipment identified is necessarily the
best available for the purpose.
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